Thyroid hormone-, carbohydrate, and age-dependent regulation of a methylation site in the hepatic S14 gene.
The rat hepatic S14 gene has served as a model of thyroid hormone regulation of gene expression. Earlier studies of the S14-containing chromatin region demonstrated that a cytosine residue at position 625 (C-625) in the 3' untranslated exon was hypermethylated in hepatic DNA derived from hypothyroid animals. This observation was consistent with the markedly reduced level of expression of the S14 gene in these rats. The current studies have extended these observations to groups of rats in various thyroidal states. By using the restriction enzyme Hhal, the percent demethylation of this site was quantitated (hypothyroid, 9.3%; euthyroid, 19.2%; hyperthyroid, 66.6%). Moreover, the level of methylation was shown to be reversible as the thyroidal state was altered. Our data also indicate that these changes are probably independent of de novo DNA synthesis. Kinetic studies of the demethylation of this cytosine residue after T3 administration showed no change for at least 1 day and maximal change after about 4 days. This contrasts with the significant rise in S14 mRNA evident within 30 min and suggests that demethylation plays no role in the acute induction of this gene by T3. Carbohydrate feeding, another stimulus of S14 expression, similarly caused the demethylation of this cytosine residue. Earlier studies had demonstrated that mRNA S14 expression was not detectable in rat pups before about 20 days of age and continued to rise through the first year of life. Consistent with those findings, S-14 C-625 was fully methylated up to 15 days of age. Progressive demethylation then occurred up to 12 months of age. These results indicate that increased demethylation of a specific site in the 3' untranslated region of the S14 gene, possibly resulting from augmented excision repair processes, is correlated with increased expression of the gene.